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The fact that the atmospheric disturbances, commonly called
"static" or "strays" by American operators, increase with the
wave length to which the receiving system is tuned has been
known qualitatively for a number of years. The object of the
present experiments is to gain some degree of quantitative
information on the subject.

Neglecting the lightninig clicks and hissing disturbances
which for the most part produce little interference with commun-
ication, we have in general to deal with the rumbling or grinding
static which probably originates somewhere in the upper atmos-
phere, and which may perhaps be compared in its method of
propagation to radio signals sent out from an airplane. Regard-
less of the orientation of the original oscillating body, the wave
front spreads out in a more or less spherical form. When the
wave strikes the earth the lines of force become grounded and
travel off over the surface as tho transmitted from an antenna
situated at some point roughly below the center of disturbance.
Observations which will be described in another place, show that
the wave front at 50 ft. (15 m.) from the ground is approximately
vertical like that from a distaint sending station. Of course
there will be somie disturbance centers nearly overhead, but these
generally form only an insignificant portion of the whole.

It has frequently been thought that static is entirely aperiodic,
and that it produces a pure shock effect on the antenna. This
seems somewhat doubtful, since none of the aperiodic types of
artificial static produced in the laboratory, even of the most
violent kind, have ever been anywhere nearly so difficult to
eliminate as the natural disturbances. It seems more probable
that it consists of a great number of distinct disturbances coming

* Received by the Editor, January 15, 1920. Presented before THE IN-
STITUTE OF RADIO ENGINEERS, New York, May 5, 1920.
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fromi different sources aind of widely varying wave lengths, thus
producing a practically continuous disturbance spectrum, so
that to whatever wave length the receiving apparatus is tuned,
a corresponding static wave length is fournd.

According to observations made independently at a number
of points on the North Atlantic Coast, the heavy afternoon and
night summer static appears to come generally from the south-
west, while the lighter static of the forenoon and that observed
during the cooler portions of the year seems to be more evenly
distributed in regard to points of the compass. It is also to be
noted that this southwest static is usually more continuious than
the other.

The followingf experiments have been carried on at the Naval
Radio Laboratory at the Bureaui of Standards, and the receiving
apparatus used is that described in the Nauen-Eilvese experi-
ments' and in an article on the measurement of radiotelegraphic
signals.2 The method of observation was as follows:

The Laboratory antenna and secondary receiving circuit
containing an oscillating audion were set on the required wave
lengths, the adjustments being made as described in the articles
cited. The strength of the disturbances was measured by the
shunted telephone method, and since the individual distur-
bances varv in intensity from second to second, it was necessary
to adopt some arbitrary method of procedure in determining
their audibility. After experimenting with different plans, it
was decided to call the audibility of the disturbance, the setting
of the audibility meter at which an average of three pulses of
disturbance could be heard in the telephones in ten seconds. The
observations were taken at about 10 a.m. and 3 p.m., the time
consumed in each series for the range 3,000 18,000 meters
amounting to less than 15 minutes. On account of the lack of
a definite pitch in the atmospheric disturbances as heard in the
telephones, the accuracy of observation is, of couirse, much less
than in the measurement of received signals. For this reason,
and on account of the irregularity of the phenomenon, the results
are given in the form of curves rather than numerical tables.
The work was begun in August, 1917, and since May, 1918,
has been made a part of the daily routine of the laboratory.
Of course it is impossible in an article of this kind to give more
than a very small portion of the data accumulated. Therefore,

1 "Journal of the Franklin Institute," page 605, 1916.
2 PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 5, page

239, 1917.
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it has seemed best to pick out sample periods which are typical
of the general conditions observed.

iiFigure 1 gives a series of observations extending from Novem-
ber 1 to November 14, 1917 taken at 3 p.m. The observations
were taken every 1,000 meters between the wave lengths of
3,000 and 10,000 meters, and every 2,000 meters from 14,000
to 28,000 meters. These curves are typical of the variation in
the disturbances with wave length during most of the year.
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The forenoon observations are similar in form, tho somewhat
lower in average audibility than during the afternoon, especially
in summer. It is seen that, in general, there is a rapid, tho
irregular rise in intensity with wave length and that occasionally,
tho rarely, a maximum is found with a subsequent decline in
intensity. In some cases, the rise extends only to a definite
wave length, beyond which the intensity remains constant over
a considerable range.

Figure 2 shows observations taken at 10 a.m. between Decem-
ber I and December 18,1917, and covers the wave lengths between
3,000 and 16,000 meters, which is the range ordinarily employed
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FIGURE 2

in present-day long distance transmission. Figure 3, covering
the period from August 16 to September 5, 1917, shows a time
of unusually heavy afternoon summer disturbances. Disturb-
ances of this character have hardly occurred at all during the
summer of 1918 and 1919. The figure shows a much more rapid
rise in intensity with wave length than is shown in Figures 1 and
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2, the intensity increasing often two or three timries in an increase
in wave length of 1,000 meters. The curves practically all run
out nearly flat within the limits of the observations, after their
initial rise.
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FIGURE 3

Figure 4 shows the forenoon observations covering the same
period as Figure 3. The curves are quite distinct in character
from the corresponding afternoon curves.

Figure 5 represents the static during the last half of August
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in 1919. The curves are evidently entirely different from those
of the same period in 1917 (Figure 3) and correspond more nearly
to the curves of Figuires 1 and 2.
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FIGURE 6

Sets of observations at the various wave lengths have been
taken every hour for a period of 24 hours once a month duiring
the last two years. Figure 6 shows the curves of a typical 24-
hour test. It is seen that in general the maxima and minima
of the different wave lengths correspond closely, altho there are
many irregularities which may or may not have significance.

There are always well marked minima at about half-past-one
in the morning and at about daylight, and in addition there are
always two or three other prominent minima present which shift
position somewhat from day to day. There is little difference
between winter and summer in the general appearance of the
curves of daily variation.

1. Static increases rapidly with the wave length being on an
average about twenty times as strong at 17,000 meters as at 3,000
meters. This increase is generally roughly proportional to the
wave length.

2. There is at times especially during periods of unusually
heavy afternoon summer static, a sudden increase at moderate
wave lengths after which the intensity seems to remain nearly
constant, so that the curve resembles a strongly damped reson-
ance curve.

3. The strength of summer static varies greatly from year
to year. the average during August, 1917 being about three times
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as strong as that observed in the same month in 1918 and 1919.
August, 1917 was also a month of exceptionally strong European
signals.

U. S. Naval Radio Research Laboratory,
September, 1919.

SUMMARY: The apparent wave length of atmospheric disturbances at
different times of the day and year is studied, and the results obtained are
shown graphically and by description.
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